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OBJECTIVES 
When you finish, this” module you will be able “a 
i understand. ¢he meaning of chemical a, 
2. write an equilibrium expression for any chemical reaction 
3. predict the direction that a reaotion will peqaess from the magnitude 
_ of the equilibrium constant. . ; = 
; “4. explain the significance of the magnitude of an a ca > 
in terms er the completeness of a reaction. 


5. know how ‘to, frite the equilibrium expression for reactions na vene: oa 


Te pure Liquids or pure solidsi 0 7 eH as aa ac ea i aa 
i .Y *) q 7 
PREREQUISITES 
fe ’ % . 
¢ . Before you start this module you should wnderstand 
1. the mole concept: — 7 a 


2. stoichiometry of chemical reactions. . = y 4 ; ; :# 


PRE-TEST : bs _ 
eS ? 7 . . y - ian - ; 
The purpose of this self-test is for you to decide whether or not you have mas— 
tered the prbrequisites. If you miss more than one question” From the followheg set, 


it is suggested that you review the materiai in the modules on mole ‘concept, and 
stoichiometry. . 9 ‘ re ee. 
1. Given the following balanced chemical equation: 


2 NaOH + H2S0. - 7 ‘Na280, +2 H20 - ‘ 


y ‘Assuming the. reaction goes to completion, _ | . 


a) calculate the number of moles of Na2S0, formed’ when 1.5 moles of NaOH | 
react with an excess amount of H2S0,4. 


ra 


b) calculate the number of moles of H2S0y required ‘to react with 55.0 © 
» : 


“grams of ‘NaOH. 


2. In the reaction: ‘ p Bee a. | « Se 
a " 2 Hoot Og S=™ 2H,0~, A | 

25.0 grams of ' Hs are mixed with 25. 0 grams ‘of O2. a a . 
a) Determine which reactant is. in. "excess. ; . oe ro ¥. 
y ¥ Ss b) Determine the theoretical yield. of H20. a . , - 
ec) How many moles of the’ reactant in excess will remain after the reaction ‘ 
coos te has gone to completion? ‘“ 4 . ee 4 s  & rar 
. : . ® 7 “* - od 
Angwers to pre-test: oe ‘ ee: " be” gaa: i) 
‘,. 1a" a) 0.75 moles NazSOy ~ b) 0.688 moles: iSO, pe Be 
4 as a) Hagin excess | see “bd 28. 1 grams ‘H2O e) 10.9°moles Ha. .* oe he 


“INTRODUCTION oe -_ a. . one ae 
’ To-illustrate the concept of chemical equilibrium a computer program, referred &, 
to in this discussion as EQSIM, has been developed to simulate a system achieving an 
equilibrium state. At this point you should use-FQSIM and return to this Steny 

guide after you have scen the simulated illustrations of the chemical die 


‘ 

» oa ; o . 7 . . _ | . 
. Execute the computer progran, EQSIM. : 
—_ : a & é 

, d : ‘ . 
. ,Now, using the illustrations simulated by psi attempt to answer‘ the Be ent 


- questions, - 0 eS ee c ' <<. —_ oo 
1) tow do "the illustratidéns oe . . os 
: _ Obviously, the number of A, B, and C molecules change. as the time 
‘ changes. However, in the case of the last two illustrations in each se- "4 
quence the number of ‘A, By and C molecules does not changes Althongh the 
positions of the molecules change indicating that the system is in a state 
of dynamic equilibrium, the numbers pe the yindividial molecules do hot 


- change’. 1 


“oy How are the illustrations in the last two sequaneed similar? . 
In both cases the law of conservation of mass is shown. For edch A 

_ molecule which decomposes, corresponding B and C molecules are formed. ‘In i 
add veson, note that regardless, whether the reaction is initially: started e % 
from the left (all A) or from the right (all B and C), the final a asclan Ga 
rium state is the same. In all cases where a chemical reaction- occurs the 
ystem will ultimately -achieve an equilibrium state where the measured con- wa 
centrations of the products ‘and. reactants do not change. . At this ‘point the 


. system is at equilibriun, | 


. oo 
“ ’ ‘ . oo 


Sey reine a lL. 


Having seen that when a system is at equilibrium: the; ;concentrations 6E. the. 
2 : pEQcuers and reactants do not change, now consider quantitatively a chemical system 
and determine whether or nat there fs a mathematical relationship among ‘the equilib- ; 


° 


rium. concentrations which is. unique, to that system. Use the computer program KEQ | i 


- 
Soe ee 


‘ and ther return to this study guide. -, 
= : . \ - . “ ‘ . 
; ; , ; Ay : rer , far : : ; “ye . r : Fi 4 
Execute thé computer program KEQ. — a a ve a 
\ : , a Oe oa 
You have observed ‘tee the simulated experimental data that. the aquviateddm ee 


concentrations of the products divided by those of the reactants (both expnessed in 
‘moles/liter) raised to the respective coefficients of tke balanced chemical equation - " ai 
are equal to a eonstant value.” This constant is reférred ge as the equilibrium’ con= - 
stant oF that part soular reaction. ‘For a general reaction: 

“See v aA +, bB Se eC. ++ dD 
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? Ss . ee P 
where K id the equilibrium constant and LAJ, [Bd {c}, ‘and [D] are Cid Seaud tbe ae 
concentrations , expressed in moles/liter. Obviously, a constant would also be db-) ~ 
tainbd if the concentrations of the reactants were divided by the cancentrations of | 

_the products. However, it is chosen by convention to write the products over the 


reactants. For example, in the case of the reaction ; 


2 SO2 + 02. ——— 2 203° . 


. ‘ =. - :  % 


the equilibrium constant is written as 4 — _— ‘ 
x = 2fs0g3? 
‘ ; [SOoV*f0o2.) = . | 
oon Howevdr, -in the.case.of the -y¥everse fraaection a et Va shee qo aan 


~. “2609 S22 0 S05. 4 Oy - 


’ 


the equilibrium constant is written as. ; 


2 ; , 
~ | xr = £80,)7£0,) | \J oe 


. [S05]? : 
again following the convention oF the c ncentratigns of the product s divided by the 


Ie 


\ 


cancentrations of the reactants. This is an important fact td remember. 


. Problem 1.. Write the equilibrium constant expressions for the following reactions: 


a) Na(g) + 3 He(g) == 2 NHs(g). Ke 2, 7 
: b) SO2(g). + NOs(g) === Sos(g) +- NO(g) . Ke? - 
ys c) 2 NO(g) + On(g) === 2NO(gyr _ Ss Kz 2° ' 


_A large amount of information: can be obtained from the equilibrium constartt. 
: Sirice the equilibrium constant is equal’ to the product concentrations divided by the 
reactant equilibrium concentrations, you can use the magnitude of the equilibrium 
constant to predict the extent of the reaction. ; . : ‘ 


cy 
¢ 


For example, consider the reaction ~ as 
'e ‘ a 


ss » 2 NO(g) + 03's) = —— 2 NO2(g) : 


The value of the equilibrium constant is 71 7 w60°C. Thus, in this case [No2)? is 
_-much greater than [02](€NO]?, iidicating that the reaction exists at equilibrium pri- 


, “nanily as NOo(g). This has all been deduced by simply congidering the magnitude Of. 

the equilibrium RORGEOWE « Or the ‘reaction: sa ‘ ee a " 
4 ¥ . : 

4.4 72 HI (g) a ~He (Q) + TT, (g) : 7 
” € 4 | K = 2.6 x 197? = CHe2II2] A ay 
4 _ # % i cur} eas . 2 pee 
thus indicating Chad in the case of. this reaction, the sPstem gonsists primarily , of * 
HY at equilibrium. In general, you should be able’ to look at the. magn etude of K and a 
egtimat@ whether the reaction Favors the reactants or. produbts, — on 3 fe Peal 

. P e's . ‘ 

| Problem 2. ,For the following react {dns usé the magnitude! of hie equilibrium con-. . - 
. a _ oe stant to ‘estimate whether ‘the system at equilibrium will - Soppte prdmae ss 
- rily of products op veactants. - whe ae. - 


: . v8 5 : . . . 
ae _. _ A eG Oe: SSE 2 Oe) ra ge ee 2 
~" ob) S0a(g) + Noes) SSE 80am) +! Nocn) K = 9,0 
©) COGay aa, 502 (g) == Ce (R) .K = 1 * 10° 


In addition to estimating the extent of a given reaction, the equilibrium 
atant can also ve useful in determining, the direction ‘a reaction proceeds from fs 


given aet of initial concentrations. For example, consider the, reaction 


2 NOC) + Ong) == 2 NOolg) Kr 7b \¢ 
\ 
Suppase su were to’ mix 3 moles a, 2 moles O2(g), and 5 moles NO2(g) in 2- 
liter Pag: Tn, which dinection would ‘the reaction proceed to-obtain ‘equilibrium? i 


The first step. needed to answer this question 6 <6, a loulater the weaerion - uotient | a 
which is d&éfinad as the’ concentrations of the products(divided by’the concentrations — 


. of the OSPR AWES raised to “nee respective coefficients. Note: This quantity “does 


+ concentrations. 


‘“ 


: . ‘ a 
In the example cited.above, the reaetion quotient, Q, is equal to: 


4 ~ = ENO?) - (S12). | 3. 4-99 
: 2 CNOJ2L02) = (3/2)2¢2/2) 5 


Thereforé, fer this set of initial conditions, the reaction quotient, Qs is. ‘less 
than the ‘equilibrium constant, K. Haw will the: reaction proceed in order that the ‘ 
‘reaction quotient becomes equal to the equilibrium constant? 


a ‘ ‘ In this example the concentration of ‘the progucy must increase ‘and the ‘concen-, } 
_ . trations of the reactants decrease in order for Q to become equal to K. Thus , the © "° et 
.. . . reaction must proceed ‘to the right to attain equilibrium. _ This example shows that... 0.023 
. the equilibrium constant can be used to. determine the direction a reaction will pr9o-, >> ‘ae 
ceed from a given set of initial concentrations. | | ee 7 . 
Problem 3. For the system N20,(g) === 2NO2(g), K = 0.90. Predict the direction 


in which each of the following syonems will move to achieve “equal Aby Tums: 
a) [N02] = 0.50 moles/liter, [N204] = 0.50 molés/liter. 
-b) :2.0 moles ,of NO2 and 1.0 molds. of N20, ina 330 Liter flask. 


Problem 4. For the system air(g) — Hig) + To(g), K = 03 016. Predi&t the 
cae . ‘direction in whioh each ‘of the following «systems will move ‘to ‘achieve 


equilibrium. , . 7 8 : 
“ a) 2.0 moles of HT, 1.0 moles of Izy and 1.0 moles of Hz in a 5.0 liter” | 
ae _ flask. - : 3 - eS - 
aoe | _ b) 0.01 moles of ae of Iz, and°0.00 moles of He in a 2.0 


a liter flask. 


¢ 


fe. have diswovered that’ for a gerieral gaseous reaction Pa a: an 4 
‘ : +: ae aA + bB ——" ec + aD: | : 
(the expression fy , 2 “2 | 
or ee a. ae : - reqenp 74 , 
° a - yy Feat] | 
; . . ¥ - ~ } se . v P ' ~ Tad*tay 2 


where (AJ, (BI, cc), and (D} are the equitibriun concentratighs expressed» 


of 


, 


per liter, is a constant unique for that reaction at a given temperature. ‘This is ei 
true for any reaction where all the reactants and products afe gases. 


However, if any of the camponents in the reaction are pure liquids or pure sol- 


ids, ‘the concentration, moles/liter, is proportional to the density of that sub- ° 6 ie 


stance and will remain constant. at a constant temperature. Therefore, in the reac- 
. tions which involve pure solids or pure liquids, the concentrations, moles/liter, of ” 
~ the liquids and solids are incorporated into the value of the’ equilibrium constant. 
Tt is imperative that the phases, or physical states, of the reactants and products ‘ 
be written as\part of the’ chemical equation. We will designate g, 1, and‘s to rep- ” 
oaaeabn gas, liquid, and solid, respectively. ; 
“+  " oSasider the reaction re ; 
} “CaCO3(s) === Cad(s) + CO2(g) . . : 
€ ror this reaction, the oe expression is written ag . 
a | y : = [C02] , 


since Cat03(s) and Ca0(s) are both solids. 


' Soe 


v Z 3 ‘ 
. 


-Problem 5. Write the equilibrium expressions for the following: 


¢ a 
a) C(s) + H20(g) = cog) +a ‘He (g) ; , 
b) \H2(g) + % O2(g) ==> H20(2) \ . 7 P 4 
. c) He(g) + aad ——= HrS(g) a 4 
d) 2 CeH(g). © 1042) == 4 C02 (g) + 6 H,0(1) , 
. F ee ‘ 
¢ : . 4 \ 
A é ' : 
a : Jf ‘ ° * : . % 
. = ° 4. 
. ew . oe 
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to produce self- instructional computer- 
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environment with minimal computational facilities, and by students, 
and faculty who are not programming experts. 


adjunct 


replacement for them. 
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to standard textual materials, or in many cases, as a 
The primary aim of each module is to use 


the computer tn such a way that students may take -a more.active 
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TEACHER'S GUIDE TO UNIT ON INTRODUCTION TO CHEMICAL EQUILIBRIUM _ 
: OF THE CHEMICAL EQUILIBRIUM MODULE 
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dis votes se 


= eDUCATESMAL OBJECTIVES | 


. ‘ ‘ : . 7 « 
The purpose of this module is to have, students* disgover the 
~ * concept of equilibrium from simulated anpi mest data. For this 


reason it is important that the students ericounter this before a 


wt... ..lecfure... The.module is designed around. the two computer programs, . eee 
~LQSIM and KLQ. Using these two computer programs in an interactive 
envirdnment plus working the problems in the text in a self-paced 
; manner, the student should complete this module with “La quali- 
.tative understanding of chemical equilibrium, (2) an ability to : . 
write an aQntidee? un exareses on for any chemical reaction, amd 
£3) an ality to predict the direction a reaction will proceed. v Ps 
to ‘achieve equilibriun, — | ~~ —- * oo ™ 
é , ° 
* IMPLEMENTATION e 
; ra 
~ ; As with the other modules in this group, ,this module may 
either be used as augmentation to the lecttre material or as a 
‘self-contained unit. It is estimated that the student should. 
faster the material presented in this module in two. hours including 
approximately fifteen minutes of terminal time. — | 
3 . ' . . —: eo ee = 3 
a Sm | te - | Z 
1. a) K = ENED oe 7 _ 
: TH. J?ENed sO eo | 
. - yy xe G80sdtNO] 2 ot et 2 - 
= 2. 2 . . wo 
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b) Products — a DE ag 
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7 ae ; righ gp RE oe oe 
EQSIM, This eomputér. program ‘tal see a gaseous secon oe - 


ea # achieving dquildbrium, _ The. ‘student ig aaked to supply ° . ee 


three different: time v lues.*., The program sorts ‘these time valites 9. 
“an ascending order, and presents four’ pictures OF the ‘System: as. ov 4 “ss 
funetions of time, in ee time 0.00 minutes. xg %, we sk he nyt 
xd The positions of| gaseous molecules, ns B » and Cs are. o ; . 
randomly placed in order for, the-student.-to: fael.as. though. -the..- ee 


The first’ picture shows 20 A molecules. the oe 
shaw 15, 5, D3 8, 12 12; By ey 12 A, B, and 

C molecules, respectively. After’ ‘the stuflent: has’. observed ANOSE) ke a * - 
pictures, the equilibrium is approached. HM. bs, ota. side” Of, ‘the os 


“agains. the. Same approach” 


system were dynamic. 


next three pictures 


o 


reaction starting with B and ¢ molecuds 


-* is followed with the student: supplying the rime values s However. bad 
A in this case the Four pictures ‘are 0, 20; 203 *5 » 15, .155 "By" ae 12; ~~ 2 
B, 12, 12 A,’B, and C molequles, respectively. Make aa ress " 
students count the “acer number qt molecules . : ‘ a 
. The main impetus of yg Oe sees ah is ‘for fhe studertt 2 = 
to pain an intuitive feeling. for a dynamic equilibrium. --By counting. inedeees 


. the gaseous Motecules he should note: the similarities and differences’ my 


between: the different _pictures “as the. equilibrium: is approached, from i 


¥ t 


* : vm” 


- both Sides. ‘ : ‘ ; eae, , ‘ ; ; . ; - a 


KbQ. This computer prognam provides cimulated data whioh: the 
oy 2 student uses to derive an empirical. expression, fon. the equilibrium 
ye - eee The first efamp1a,‘cndsen is ‘the simple system. ne & : 
pots = 8. + C without emphasizing the fact ‘the volume is included: in 

the concentration terms. The, student vis asked, ‘to find an expression’ . 
A ; > of, thesequi Librium concentration’ whidh; Ls independent of Miittie 
Various @.ebinbinatitns of the: seqid Libtiluin concentrations are preseyt a 


a him by the computer” progivam, he selects one of these, and the 


‘computer program -pLots ‘the’ quantity Sas: . function of ACinitial)* . Sage 

as - After He has. discovered, eae expression, a more - ee 

).  complitated systein A 3 2B ise presented. Now’, “he must consider ti =e 

cs. coef fleient’s and xolume “dependéncies. vents he. is asked ; Gaon ey Bg ; 
gi? 


an ‘expression ‘whith ‘fe feets' ts' independent of ee een He - 
selects one of ‘thesd’ aiid he- computer program. plots ‘this. quantity as 
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- STOICHIO@METRY.NQTE THE INCREASE. © - | “8 

TRY AGAIN | : : : 
ENTER YOUR SELECTION. 3 | — 8 pe 3 | = 


id 


“se: 
oa 
° 


0 6 oO: : 7 


"gmt 92d Oe Od HHO 8d md Be OE 


We ORR pi Rote kot oto atte 2 
ACINITIAL): 2 os ° ‘ : As ._ =e «& 

‘THIS IS CORRECT. PROCEED TO 2ND PART, =~ oe — 

YOU HAVE SHOWN THAT FOR THE REACTION: ee es ie 


: A * B + c 7 oe Pa | » oa 7 Z 7 . i 4 “A 


NOW: CONSIDER ANOTHER TYPE OF GASEQUS RX. | 


‘ 


+y 7 _ 2 A = 2B, . . ; - ~ 


> 7 7 
) . WHERE BOTH THE INITIAL. CONCENTRAT IBN. OF A a an - 
“. "AND THE V@LUME OF THE SYSTEM ARE VARIED. ~~ © - 3 eG 
THE FOLLOWING EXPERIMENTAL, RESULTS WERE © | 
OBSERVED. os 2 a a 
. ot e 3 4  § 6 
VOLUME ,. .ACINIT) ACEQ)’ BCEQ) ACEQ) BCEQ) 
LITERS C MOLES > .. (MOLES/LITERS- 
2. (3650 2-450 2-100 1.225 1-050 ~ _ 
he 10600 = Be O9R 36816 4.046 1.908 i Tee 
c De , 5-00 34470 3.060 1.157 1-020. | 
36 7600 50138 3.724 le 713 1.241 


be 4.00 2-800 3.000 ..625 _.750 3 
an 850 ° 66148 4.704 12537 12176 Vy : 
ry ‘ . * : 
,WHERE COLUMNS 253,SAND 4 ARE EXPRESSED IN ; .? 
ae MOLES AND COLUMNS 5 AND 6 IN MOLES/LITERs \ 
DETERMINE WHICH OF THE FOLLOWING EXPRESSIONS: 
IS A CONSTANT, INDEPENDENT OF ACINT) AND VOL. “~ 
C1) 4/3 (2) €4"%2)973 
(3) 6**2/5 (4) 6/5 


(5) OTHER | 
ENTER YOUR SELECTION.4 


10 | og 


HOR oto tore fotos oto aR , ; ° 
; ACINITIAL) 
- .: N@y COMPARE™ROWS 3 AND 4 
* * TRY AGAI 


NTER Your! ‘SELECTION. 2 


| 


I 

I 

I . 

I - o 

I 4 

T Oo - 0 ’ 7 
I 7 

Po : / 


‘ SITtirtTeet tt tt ti: | a 23 at 
~ ACINITIAL) 4 


t 


Oo 
ol, 


9 f : 
> re ./ ~~ 
COMPARE -ANY TW@ ROWS WITH APPROX. 
- “THE: SAME. CONC sE6Ge ROWS 34 4) 
TRY AGAIN ‘ 
as YOUR SELECTION. 3 . 
; 100 Oo 0 0 0. 
I . 
T° 7 
I 
: a 
sf car 
tests j.. ee 7 
: J 
I , 
1 
SURO i tet teeta adie ae ae ate ac fe ate ae? 
. ACINITIAL) a 
THIS IS CORRECT. CONGRATULATIONS. 
_END OF PREGRAM 
3 
7 cary 
. 
\ ~»> 
¥ ’ / 
a . 
' 4 © : 
" 3 


“a os . 
. ie 
7 
i ry fie ams 
o 
. ER <3 , 
e 
\ * 4 AJ oa 
~ - ‘ ‘ 
‘ sere 
~ : ic o 
- . 


* i * 
ry 
i 
’ 
t 
A 
0 
e ‘ 
sg 
e 
a 
- Ane : 
Eat c 
«ts 
i 
o. 


LS 


“S907 LET LESts S223 


600 


ae Be . e ee ee ; ee te 


EQSTM, Program (in BASIC) ‘ . _ 


FEM Peeosegepocsoseooves FF OG'F race scececesesscssoseceesoossees 


REM INSERT THE DESUMENT FOR PND WHICH FIELDS A REPEATING BANDON NO, 
REM SECUENCE JN TTATEMENT t400  ° 
FEM seneonsssbsocsesocegesacwncsssesecseeenenes sense eneenesesenseee 


PEM . oe a 


30. FEM--> FNR SHOULD GENERATE A REPRODUCRLE -SEGUENCE, 


DEF FNE «NY =RPND COND | Be 

LET N=FNR«-1> 2k : so 

FEM---: kO 1S: THE GRAPH LENGTH: IT SHOULD BE <= Se, OF. ARRAY t IN DIM 
DIM Th4)sLC10s20) Se cca ee 


DATA 20.1598, 02 5108 : 

LET =n “e ; 

PRINT | TAR S14) $ "@eTHE ScNeEEt OF EQUILIBRIUMe®" SLING1) 
PRINT “~ THE PURPOSE OF THIS PROGRAM: IS TO AID you IN” 

FRINT. “UNDERSTANDING JHE CONCEPT OF EQUIL FERIUM. ” THE GAS EOUS" 
PRINT "PEACTION DISCURSED ISTSLINC1$TABCISI3 "A <=> B+ C" 

FRINT “FOUR PICTURES WILL BE SHON WHICH WILL REPRESENT THE SYSTEM" 
PRINT “AS TIME CHANGES+, BEGINNING WITH TIMEs T = 0. 

PREINT “CHOOSE THREE TIMES «IN MINUTES AFTER TIME ZERO) ‘THAT you" 
PRINT “MOULD LIKE TO SEE» AND ENTER THESE TIMES “SEPARATED RY" 
PRINT “COMMAS? AFTER ‘THE QUESTION MARK APPEARS —~- E.G. 7 @s4s6" 
bOTO 340 
PRINT " NOW LET US CONSIDER STARTING WITH. SUBSTANCES * 


PREINT “B AND © AND ORSERVYE HOW THE -SYSTEM ATTAINS EQUILIBRIUM. . 


FRINT YAS BEFORE» CHOOSE THREE TIMES. YOU WISH TO OBSERVE.“ 
PRINT INC1S3" "PLEASE ENTER THREE TIMES IN ASCENDING ORDER"S 


LEFT Cis =0 


INPUT TLS)» TOSI» TE4}, | os 
IF Tle)>=T037 OR TORI>=T Lad THEN 340 _ 4 _ : 
PPINT 9” ; ee. =e | 
LET $=S+1 | eo 
FOF t=1 TO 4 
FREAD A> . | ; 
LET B=K0-A 
LET C=B C : 
~ LET T=A+Bte 
MAT L=ZEF | 
“REM \ 
REM@>9> CHOOSE RANDOM Xs ve SOUR DINATES IN A 10eKO BOX. 
FEM 


FOR list TOT a ge ae ; 


LET S LEINTCLOOFNR 13413 , | | ; 
LET S@=INTCKOOFNR (12419 . — 

TF LCS, 3@l=p THEN 550 ae Ley 

_ LET 88=824+1TNT O6S24+19 Oo ok +1 — 
6oOTO sea _ oo 
LET LUS1sS2 2)=1. : Fae Ss 
IF IT1<=A THEN 600 ae _ ae 
LET LUSis 32728 - ae . @ oe 
IF I1<=kO pen 600 se * ° ae 


NEXT TPF 


a) 
0 
* 0 


—~ 


mm, y 


7 OD hy Oh oy 
Ou HLT iA Bos fim 
moos 


> ot 


Bip me i 
23.5 2 = = =. 


‘er nes wT Sh oe 
= 


3 


ty mm ge 
= . = 


wee 


SEES LOO EES © 08 Rie in ie es Mie ee Bin ic lets le 


fot pT A fee 


= Ss 


BToo-o% Oo ow 


3 fly — oo. 
5 oa ae ne pe 


= 


ae 


KET ANE TK OOS St ge Oo ie” 


PRINT Som ee te le 


PEM . 7 os . Sas ws 4 oo 
N ee - 
PEMa> as PRINT A PLOTURE OF, THE SYSTEM... am he 
REM fe a ar eo eee 
BOSUB Son ae ce a ee Sis ls as . | 
FOR It=t. To in. 7 4 a @ a 
PRINT *e " fs os 
For’ Ve=1 TOKO Z a i < 
Bye THEN 710 ee ae y 4 
INT "o"S = 3% ha , 4 
bora Fso0- 
STF Lf Pte Te13 


4 THEN Fan. - 


PRINT “A 33 . & a" Ae 
SOTO 720 ‘ fir: S we 
IF LANs Tedse THEN 7A fog -< g: & 
PRINT “BOR, ) . ote | a 
‘soTO 7a0 ar i | 
PRINT "EO O"3 > ok ta ts 
MEST Le , \ ee. 
PRINT "en? ; a 
oO i 3 - 
O°uR San. a 
PRINT. LIN1) 3 TABS “S 3 MINUTES, SLING © | 
NENT 1» ae aay : 


PRINT ~. | HOW DO THESE. - prfrungs DIFFER? HOW ARE THEY SIMILAR?” 
PRINT. “ANSWER THESE QUESTLONS IN YOUR, STUDENT GUIDE ORVON GAT 2s. 
PRINT “SEPARATE PIECE OF PAPERS” FLINGL9 : . oe 


IF i2°2 THEN 310 ee, ee ae er rr 
oTHF aes S a , Shee. ea _ 
FEM:  egsevensdanenegeseeesuBRbehine PRINTS BORTERS: Aseneeegessoegans ge ®p 


NEXT [30 


c ‘na, r Shee on 
FOr I2=1 TON: | ae ae, es | 4 Dene on fa ah a oo 
PRINT “o"$ . * eee ( a: en rT, a ae 


PETUFN. — & a - i. i 4a ee | = os 7 


END | >. a _ ae 


; » ; 2 " 
. . oh 
itp, ; ee, 4 ie 

, Ha, Sy 
‘ : . y 

% % _ * : ry ae 3 ard 

‘ < ‘ « < : ‘ : 
- . . aad 
; % ; . & 
* te Fe x 
: Py : ’ = 
or] 7 a ¥ ’ ’ E 
u zy : \ fa © . , 
¢. : : 
e ; * a - an 2 
. . ¢ 
. v 
: 2 7 i 
c ’ 
. 4 
Bey x 
ry ’ ; 
N 2 * 2 , 
J . ow, 
i 7 - : 

n ay 


+ 

fos Let. 
; a 

261 

= 2e2 
“ 223 

- 3. 
3e OL. 


- FOSTIM Program (Cin FORTRAN) | 


a DIMENSION NX(100)sY(100),SORTNCIOO) 
DIMENSION A(C8),B(8),C(B8),TC4) 

....DATA ArBsC/20+ 4155.28» 28+ 900 15n280 280 o0erSe 12a 12s 20ey 
, PIS es tloel Qos Oos5esl Qos Phe shOes 1505 12e rl Qe/ 

DATA C@clLe,Ca,CLes2Ha 22HB se@HC / 

50 FORMAT (1H »* THE PURPOSE OF THIS PROGRAM IS TO AID')— 
62: FORMAT(LH »"HOW DO THESE PICTURES DIFFER?"/). 
64 FORMAT (1H o° NOW LET US CONSIDER .STARTING WITH’) ~ —_ 


"65" PORMATCLH 4 "SUBSTANCES B AND’ C AND OBSERVE H@W THE’) _ 
- 66 .FORMATCLH ,"SYSTEM @BTAINS EQUILIBRIUM. AS BEF@RE') 


67 F@RMATCLH ; CENTER T1,T2,AND T3 IN MINUTES’) = 3 


St FORMATCIH .°Y8U IN THE UNDERSTANDING OF THE CONCEPT ® ) 
S@  FORMATCLH "OF CHEMICAL EQUILIBRIUM. ‘THE GASE@US"). 


. 53 FORMAIK IH . "REACTION DISCUSSED IS: A = B+ C") 


$4 FORMATCLH »'"FOUR PICTURES WILL BE... SHOWN WHICH WILL") 


355 FORMATC1H.,"REPRESENT THE SYSTEM AS TIME CHANGES’ ) 


56. SORMATCLH:, "BEGINNING WITH TIME. EQUAL ZERO, CHOOSE*) 
57 ' PORMATCIN »"THREE TIMESCIN MINUTES) FOR WHICH YU") 
56., FORMATCIH »"WOULD LIKE’T@ SEE PICTURES @F THE. SYSTEM’ ) 
59 FORMATCIN »."AND ENTER THESE TIMES + T1,T2sT3.") 


60 FORMAT(IH 4" CINCLUDE .THE DECIMAL POINTS)" - 


61 FORMATCLH a Wi T2 T3's) ... ee 
63 FORMAT(IH »'HOW ARE THESE PICTURES SIMILIART*/). 
NS=4 
. Misti g fa i 7 wk £ 
M2=4 ~ * Py 4 ; 
NV#20 ek | ‘ 
WRITE (6,50) « #e * 2 
NCQOUNT=0 © : Pe . 
WRITE (fy 51) : te oS 
“WRITERS, 52) oe: : | e. 
‘WRITE(6553) - , 
’ WRITE(6,54). 


.°, WRITEC6.55) =. ae 


WRITE(6, 56) e® oo 
WRITEC657) © 8 a. . 
-WRITEC6,58) : | ' 
WRITE (6.59) ee as a . 
LET CL) 800 | : | . , 
LS=5 gt = a, 
WRITE(6,60) : | 


Nise2 . >. Sy a { = - . “ ; < a : 
XPa 123. ie : t sa , a : i ‘ ge” 


WRITEC6, 41) | 
8 READ(S> 91967 C1). T@NISNS) a 


“91 F@RMATCAFS.0> vs gf ee 


ps 3 3 Im} 4° ' : < Ay : : 7 a em | . ve 


<7 


‘ P \ | 
a sy _ ee 
e 32695 NXC( I) =0 
- ak . 32097 3 YCI)=0- 
es 32698 © CALL SORT (NXsYsT. 4) 
9B 99 D@. 99 KOeMI,Me 
- 8 ye 920 991 J _.NASACKO) 
92.992 ~“NB=BCKO) . 
>: 322993 NC#=C(KO) 
32.994 _NTOTENA+NB+NC 
. 326995 = D@ if I=#t,NA 
ie ae tl YCI)#CA@CL2 ° . 
vo ON ga '  NSSNASL 
Rett IS _NT@NA4NB | Noon Bs eet pee see, Gees 
ake BE DO 12 IeNS,NT . 
1th i Eh 12 YCI)=CO- ve 
Sa a 1 NS=NA+NB+! . 
AES . D8 13 I=NS,NTOT 
Oe ae 13\ YCID=CL2., . 
NS, D@ 14 [=l,NTOT. 
re ae CALL J@HN. (XPsYZL) 
Lo get | NXCI)=NVKYZL “+1 
Pe cae 33 , CALL JOHN(XP, YZL) : 
 £ AAS PY > 81a S@RTNCLT)@YZL ; 
“ae da 48e2 CALL SORT(NXs Ys SORTNs NTOT 
Se ee CALL PLOT (NXs Ys SORTN» NVIN @T,TC(LS-KO)) 
J tee! $7081 ". 99 CONTINUE 
ee OW a7 Sor | WRITE(6562) : 
wa AT OLE) WRITEC6563) 
FS, Th MT 0 02 Sag” - IF(NCOUNT. BQ. 1)STOP 
2 pe AT OBE. NS=4 ; 
_ GearYove. sac, ONDER, ; ‘ 
RAT. 02S My Mee | os fe 
aT. 08 ES Mes | 
Po AT-03k |. NCAUNT=NCOUNT+1 
aT OSL I LS#9 _— 
7a, OS@ “uf * - WRITE¢6,64) 
| 1 Rao. - ts - WRITE(6,65) . 
7 ie Te O54 +: a) WRITB( 6566) . 
, : W2. 055, cae pa 4 ~ WRITE (6567) © —— ae 
"  * §P 056) si ee WRITE(6,61) > 
AR 06 ie TCLY#O0O 
47407. 3588 GO Te 5: 
' avai a “4 END . 
AB Os . SUBROUTINE SORT (YX, Ys SORTNNTOT) ’ 
ag, ee *.” DIMENSION NXCL6CL Ds SORTNC I) | 
“SO ge! - .NM=NTOT=1 
| e-\ Sa ‘DO..1 welsNM 
8 ae cM ROmde 
"SH 53h % DO 1 KeKO,.NTOT 
vee A cee LT-SORTNCJ))GO TS 1 
adele t aaa 3 os 
S¥Y(K) ._% “ 
X¢K) an - 
Se , we, 


NAC NXE) 


19 


hy 


a4 crm 6 | 


_SORTW(K)=SBRTNCJD 


‘BOX CI) =BLANK : 
-NUVUPes +2-- BcbeSte. Semcon eS. copate ele. geal Gieerdidee ceded Gee aoa oi! ehedisite se-pan gai) aiee GaGtlay. <B Baie aah _ 2 je SS a ec keia sa = 


IFCIC-EQs0)G0 TO 16 | : : , oy aoe 


YC J#YS , ‘ se ¥ . 

SORTNCJ)=SS - 

NX (CJ) SNS : . 

CONT INUE . - eo 
RETURN , _& 
END - e343 
SUBROUTINE PLAT (NX» Ys SORTNSNVNTOT,T) 

DIMENSION NXC1h)sYCL)s BOXC25)5S@RTNCL),NES (C25) 


; DATA BLANKsSLASH,SINE/2H » 2H« » 2H - 


DO 1 I#1,25 


D@ 2 I=1,NVP 
BOXC1)=SINE 

BOX (NV+3) =SLASH 
WRITE (6,5) (BOXC1)s1#1,23) 
FORMATCAH »23A2) | . 
DO 3 11,25 


. BOXC 1) =BLANK re 


‘DO. 7 L=1,.10 


ICc=0 . : an . 
BOX(1)=SLASH ¢ _. 7 ry 
BOX (NV4+3) =SLASH ; irs. ; 
IF(K+GT«NTAT) GO TO 6 - ; : 
TEST@l ere 1eL | , a: , 
IFCSORTNC(R) «LTeTEST)GO TO 6 


K=1 og 
‘= 
4 


De 18 Trel,IC’ 7 ; | 
IFCNESCII)« EQs (NXCK)+1) G8 Ta 17 y | 
CONTINUE |. 5 mo, i 
BOX(NX(K)+1)=YCK) a ge 
IC#IC+l. x Ke 
NESCIC) =NX(KDal . im . ; ~ * ” 
K=K+1 : : 
IF(K.GT.NT@OT)GO TO 6 
GO T8 4°. f 


_TFCNX (CK) eo EQ: 22 NX (CK) #1 '¢ ° . 


NX(K)=NX(K) +1 . 
G@T 14 ' | he 
WRITE (658) (BOXC1)s 181523) Soe 
De 8. M=1,25 | . e : 
BOX (M).=BLANK | . = | a 
CONTINUE. .. a py | 
Dé 20 Ilel,rc, | : . 
NESCII)#0 | : | a ee 
D®.10 I=1,NVP a aa ero 
BOX¢1)=SINE fe aes ; . _— as 
B@X(NV+3)"SLASH, | got 
WRITE (@95).(BOXC1)s 1#1223) eo om Po 
WRITE C6s.119T | | oo 
FORMATCIH 2 5X, * TIME 1S',F6.2,' MINUTES'/) _ a 
URETYRN . | pee Cae ; fe a 
END . sy ar a, a ee a 


we 


, | 21 
8 
Bd ; 
96 SUBR@UTINE JOHN(X,F) | 
97 .. XML Nw,” 
7 OTe _ 1=X/16384% a | 
972 xder og. - _<* | : 
97-3 XeX-K 1816984. i ; 
OTSA F=x/16384. 
° 980]. RETURN . . : 
99 END . 
, At " 
: : 4 pet 
he pe ae nt ag te a eh ere ge ee : = 
Fe ‘ ’ - . . : 
F f. ‘ s 7 
ef 
\ 3 ‘ « 
3 : . v ' 
- 6 . . 
: ; ° > 
. 4 ; 


a 
é 


‘ KEQ Propram (in BASIC) 


“ 


10 FEM KEQ BY JOH. MANOCH: WESTERN CAROLINA U. . 

2O°PEM WRITTEN AT TLUTNOIS INSTITUTE OF TECHNOLOGY (CHICAGO) . - 

30 REM AS PART OF A MODULE’ ON CHEMICAL EQUILIBRIUM. ‘ 

,40 FEM TPANSLATED FROM FORTRAN TO “STANDARD” RASIC RY 

SQ PEM P.T.O°NEILL» XAVIER UNIVERSITY “CINCINNATID JAN. 1975 

nO PEM FOP SYSTEMS THAT USE CRT“S «INSTEAD OF PAPER QUTPUT DEVICES) 

TO FEM IT [IS SUGGESTED THAT LINES 2380.2570:2660» AND 2740 READ . 

So FEM SOTO ceod’s AND THAT LINES 35€Q23670/ 3860 READ;“GOTO 21007 
~ an PRINT THIS PROGRAM 1S DESIGNED TO HELP THE STUDENT “ i 
- 100-PRINT--"EMPIPICALLY DERIVE- THE EQUILIBRIUM EXPRESSION AND” 

PLO PRINT “GRIN INSIGHT INTO THE CONCEPT OF CHEMICAL EOUILTBRIUM, 

120 PRINT ©GIVEN THE CHEMICAL EQUATION 2° . . . 

120 PRINT ” A= B+ o" 

140 FRENT “THE FOLLOWING EXPERIMENTAL FESULTS WERE OBSERVED <WITH" 

10 FRINT “CONCENTRATIONS REING IN a PER LITER.)' 

Ted PRINT TAB C4) §"ACINITIALY “3 TARGIE? "A KEQY "STAR C24 3 

PTO PRINT “BEG “3 TABCQE FS" CKEQI "| ee 


120 DIM BR(221.C C22) . . 
190 FOrF Jat- TO 5 ~ 
eon FEAD XCI]>ACTII-« REM] 
210° CET FCII=XC1) : . t ; 
220 LET OCII=BCT) : / 
230 PRINT TARC4) 3801173 TARE 16) $ACT15 TAB C24) § BEIT} TAR(22$RCII$ 
pare PRINT — * . 
S50 HENT I . . _ | 
(SEO DATA POS. Ge 7 229 Fe 1 508s 5.498050. BSR ae “Reeds 
OPO DATA 2a. 25.92.6450 Se. 168s 1. Se _ 
220 PRINT “ IT IS POSSLELE TO FIND & FELATION AMONG THE EQUILIBRIUM" 
E20 PRINT “CONCENTRATIONS WHICH NOES NOT CHANGE AS ‘ACINITIALD “ . - 
200 FRINT “TS CHANGED... TRY VARTOUS COMBINATIONS OF THE EQUILIBRIUM” . 
210 FRINT “CONCENTRAT PONS OF ACINITIAC) TO FIND AN EXPRESSION THAT’ — 
B20 PRINT “IS EN AR TOOT: ‘FOR EXAMPLE, ACEQ> VERSUS ACINITIALD 3°. 
330 LET Nes 
24 GOSUB 1730 , ri er 
350 PRINT “OBVIOUSLY THIS CHANGES» | SHOWING THAT ACE@) IS” » 
360 PRINT “DEPENDENT UFON ACINITIALD. x ee 4 
370 FRINT “ FROM THE FOLLOWING TABLE, SELECT THE’ EXPRESSION you" ea 
BAC FRPINT “WOULD EXPECT To PE EM DEPENDER! OF ACINITIAL?. 
FRINT “ 1) Aeok . _ 2) Be" 
PRINT " ySy cepa oA , ne ~ + BE" 
FRINT J. (Si eA _ e -® “oH? C+ B+ A" 
PRINT “> ¢?) OTHER” ; es 
‘OO PRENT “WHAT NUMBER DO YOU SELECT": ; a 
INPUT = ; - : a 
GOTO $ OF AOUIB Oy DAU SOE a Oreos See ; 4 ; oe 
FOR I= ago 5 . . : r | . : 
LET QCI]= RCIJ@RCI} Se ga a -_ a 
NEXT 1- . » | : -_  @ 


BOSUB 1600 
GOSUB 173000 - 
PRINT "THIS INCREASES MORE THAN (ACEQ> -AS A-RUNCTION: OF” 
PRINT “ACINNTIALY. TRY AGAIN. 7 a 

1 GOTO 4306 kw | | | 3]. 


baa 


Lodo 
1050 


“tet 
- 1070 


1oeso 
1080 


~ LET oeliseo “8 & "2 4 . 5 ' 


PRINT "DISCUSS THIS WITH YOUR “INSTRUCTOR. “ 
4 


FOP T=! TO 5 


NEXT I 
HOSUE 1600 . | a Sy 
BOSUR 1730 aa ‘ 
FRINT "THIS IS COPRECT. Y¥OL! CAN PROCEED TO THE SECOND PART~ 
BOTO: 860 | _ 7 / f 
FOP I=! TO 5 ee 3 
LET OCII=Z2eBCI] 7 
HEXT J we i 
BOTUE 1600; : = . ; a 
SOSUE iran" : 
PRINT “THIS [SA COMMON MISTAKE BECAUSE OF STOICHIOMETRY. 7 , te 


“PRINT. NOTE -THE--ENCREASE. =~ TRY. DER ile ge ceragne tee eee 48 
BOTH: 430 : 


FOP I=t TO 5° 
LET OLTI=ROTI ALT) 

NEXT I ' 

SOSUE 1600 

GOLUB L730 5. . os 

PRIN “THIS FUNCTION DECPEAVES. © TRY AGAIN." . 

bOTO 420 ; v be 

FOP I=1 To 5 . ‘ 
LET OCIIAALII +2¢eRC1) 

HEXT I 


“THIS TS A COMMON MISTAKE BECAUSE OF STOICHIOMETRY. TRY AGAIN” 
GOTO .430 ; SS 
6OTO e130 

EN, < 

PRINT . ' 
FRINT © ‘YOU HAVE SHOGIN THAT FOR’ THE REACTION: * 
FRINT “ a A= B+ 4 a 

FRINT “THAT BEG) oC CEQ)“ ACEQ) = A CONSTANT" 
PRINT “REGARDLESS OF THE INITIAL CONCENTRATION OF THE REACTANT A.“ 
FP INT 

FPINT "NOW CONSIDER ANOTHER GASEOUS REACTION ia 

FRINT °° A= 2B" . . 

FRPINT “WHERE*BOTH JHE INITIAL CONCENTRATION OF A_AND THE VOLUME" 
PRINT “OF THE SYSTEM ARE ORSERVED. ” | _ 

PRINT EB ealalaee BLETAB (E29 FB" STAB CAD § , ; 
FRINT “4° STAR CSPO E'S" STAB CHS K" 
FRINT earOne 3 TAR CS) 3 "ACINITIAL) “3 TABS 23) } "ACER?" ‘S$ TARC33) 3 
PRINT "RCEQ "3 TAB C47) "ACER? "3 TAB CSE $"BCEQ?" : 
PRINT “<LITERS) “3 TABCS2 3° ‘S00eeseoooos (MILES) eeeeoooesooe’ i ee 
FRINT TAB(C47)3° e@ MOLES “LITER? oo” 


“ 


FOR I=1 TO 6 | : 3 oe 
FEAD PLCTIsRECII¢RSCT] e. m 2 _* | 
LET. Z1=R2C1I-R31} 2 5 7 Nt ot — ok as 
LET ZEzSORBCI] we 4 4 | | | eo} 
pe au RICTI3 TABCS> FRECII3 TAB CES by $215 TAB CRS) :. 
“PRINT ZEITAR CAPE ZICRI CID TABRCSE$SZE/RICI) en ae ee: 

NENT I ei | ee 

LEE N=6 


Lean 
150n 
1210 
13e0 
1330 
1340 
1350 

{360 
1370 
1328n 
1290 
1400 
1410 


“t4en 


1420 


1440, 


Lan 
idea 
1470 


W4en 


14a0 


1500, 


-1510 


Sea 
1530 


1540 


15s 
£560 


tS7o 


(19380 


1599 
16.00 
1610 


“REM 


$3 
=> 
c 


DATA Se 3.501. OSs 2elOed. 9089295028 
36F 91. Ble 4040 1.5948 GFL aS 


-PRINT “WHERE COLUMNS 2.3. AND 4 ARE EXPRESSED IN MOLES» AND COLUMNS ~ . 


PF INT “S AND & LN MOLES FER LITER. % 


PREINT “ DETERMINE -WHICH OF THE FOLLOWING. EXPRESS IONS Is A" 
PRINT “CONSTANT INDEPENDENT OF ACINIT) AND YOLUME.” . ~  & 
FRINT CLs COLUMN, 4) 7 (COLUMN a 
PRINT ¥ 2) . “COLUMN 4) SQUARED ~ <COLUMN 2" ° 
PRINT < 32 ‘COLUMN, 6> SQUARED - <COLUMN §)" 
PRINT.” rao CALYIMAT 6) « (COLUMN 2" | : J 

nm RPRINT.. 0 ee et Sa -- OTHERS enraeee meg tee Sen eon mane wales meen nips tenes seca aise 
PRINT “HAT NUMBER DO you SELECT" - : 
INPUT * . e 
FOR oa TO «4 


LET PCIJ=ReEC1) 
HEXT | ) ; 
bOTO © DOF 127051340. 1420) 1490. 1560 
FOR l=t TO 6 | 

LET OCT =2eR ACT) - “PELTI-RP3C1I> r 
NEXT I ; ' 
5O SUB scene 
HOSUR aK ; 
PRINT" “THE FIRST TWO FOWS SHOW THAT THIS IS FALSE. TRY AGAIN. 

BOTO 120 a . ; | 
FOR J=1 TO 4 = * , 
LET OCTJ=«PeoRA(1) » eef~ (REALE -R2E1)) = 2 

NEXT T 2 eG Ba 

BOSUR t6o0- 

BOCUB tr3a 

FF INT “COMPARE ANY TLIO R bIS WITH APPROXIMATELY THE SIME “ 


» 


FRTWT “CONCENTRATION ~—E,As. ROWS 3 ANT 4. TRY AGAIN. 
GOTO 1210 bi 
FOF I=t TO 4 

LET OCTI=cfoRAICTI“RICII> ee27 6 (RACTI-ROCID-RICII? 
HEST To | ; 
BOSUE 1600 = , e . ee 
GBOSUB: VFO . | x i. . 
PRINT “THIS IS, CORRECT. CONGRATULAT HONS! ee" ; 
BOTO a130 . 
FOR J=1 TO 6 | oe _ 2 

LET MCL] = Com C1) RIC) “0 eRECTI-R3C1)) “Ri CTY? 


NEXT I : > ; 
BOSUE 1600 po 

GOSUB 1720 4 

FREINT “NO. COMPARE ROWS 3 AND 4. TRY AGAIN. “ 

60TO 1210 j i : g 
PRINT.“ DISCUSS THIS WITH YOUR INSTRUCTOR. * aan 
BOTO 2130 - % 4 


PEM SUBROUTINE SORT a : 
FOR J=1 TO N- 1 | » 4 3 ss 
Ketel . eh i ; : o® 


: 25 
1620 «FOP kekO TON | ; 
1630 TF O£S7>O@CK) THEN 1700 
1640 LET @92Q01) a % 

1650 - LET PS=Pt? | tL 

1660 LET OC. =QCk) , 

1670 LET FCJ=P £K) 

1680 °° LET ®CKI=H9 

1690 - LET FCK)=P9 . ° ‘ ? 
Wan NEXT k 

1710 NEXT J 


1720 FETURN 
730 PEM 8 
1740 REM SUBROUTINE FLOT | 
L750 LET OS c@T17-RQENI)~- 10 > 
1760 TF OS<. 0001 THEN @S=1 . ; 
Pern vey. Q9s0(1) . 
1780 LET F9=P Ep) 
1790 LET FO=PC1) ; \ 
1800 FOR wt TON ‘ ; 
tsio IF FCJI>P9 THEN FPO=P C1 
1820 IF FCI <PO THEN Pa= PON - 
1830 NEXT J 
1840 LET PSs ¢PO~PQd “20 
1850 LET L=1 
1360 FOR J=1 TO 10° 

fo. LET BS="T" 
rsa FOR k=1 TO 


ae 


1390 LET CCkI= , . 
1900 NEST kot ; m4 Se. Seeker 
1910. VET TS=99-J0a5 

 ase0., ITF LN “THEN 1980 : 


IF OCL2«<TS THEN 1990 


1940 T NS=ePCLI—-POD «-PS4. 1 z 
1950 ; 
196.0 : s i 
1a70 GOTH 1920 . ; 
1980 FOR k=1 TO 21. " 
1990 :, [F CCk]=1 ‘THEN eo0en 
foun LET BR=RS+" * 
. e010 SOTO 2030 ° 
euz0 LET BS=BS+"0" 


_ 8020 NENT k 
» 8040 PRINT TABC2) 3 BS 
‘2050 NEXT 
2OkQ PRINT TARE) 
2070 FOR J=t TO 20 
2oaa FRINT “e"3 - ‘ 
2030 NEXT LI ; - , a . 
2100 FRINT . — day & a 
1. 82120 PRINT “ ACINITIAL® -->" - Q 
ehed RETURN, , : 


a. 


KEQ Program 


(in FORPRAN) - 


DIMENSION X(5 IV YC6) ACS )e BCS Io RI (6) sR2C6 I, RICE) 


2. DIMENSION Z(6) 
Qe! RATA Xa As B/1 009 Te s5er3er2es20679e 1s 508, +856 53513 
3 7 0168's 7 09205524925 Me 142522649, 1 B832/ : 
4. DATA Ri sR@sR3B/Bos Gerdes des header 3e5alOesSe Or Tesde, 
ael 78655160551. 9085 1-530, 168625 16552-352/ . 
4.2 100 FORMATCLH 4" THIS PROGRAM IS DESIGNED TO HELP: THE* ) 
S$ 101 FORMATCLH »* STUDENT EMPIRJCALLY DERIVE THE ') 
6 102 FORMATC(IH "EQUILIBRIUM EXPRESSI@N AND GAIN INSIGHT?) 
7 103 FORMATCIH »*INT@ THE CONCEPT @F CHEMICAL EQUILIBRIUM. ') 
8 104  FORMATCLH »'GIVEN THE FOLLOWING CHEMICAL REACTION: * ) 
9 105 FORMATCIH: ,' A = B + C') 

oo AO 106. FORMATCIH .' THE. FOLLOWING EXPERIMENTAL. RESULTS WERE") _ _ 
ll 107 FORMATCLH »'@BSERVED.(CONC. IN MOLES/LITER)') , 
12 108. FORMATCLHO, ACINITIAL) ACEQ)., BC EQ) CCEQ)") 

13 109 FORMATC(LHO,’ IT IS POSSIBLE T@ FIND A ‘RELATION AMONG® ) 

15 110 FORMATCIN »* THE EQUILIBRIUM CONCS.WHICH DOES N@T®* ) 

16 Att FO@RMAT.CIH »*CHANGE AS ACINITIAL) IS CHANGED. TRY’) 

17 13.2 FORMATCIH »*VARIGUS COMBINATIONS @F THE EQUIL. CONCS.') 

18 113 FORMATCIH »'AS FUNCTIONS @F ACINITIAL) TO FIND AN’) | — 

19 AL4 FORMAT (1H , "EXPRESS §@N WHICH IS INVARIANT.') © 

20 115 FORMAT(JHOs "FOR EXAMPLE: ACEQ) VERSUS -ACINITIAL)'/) 

22 116  FORMATCIHO,*@BVIGUSLY> THIS CHANGES SHOWING THAT? > 

23 L17 FORMATCLH » *ACEQ) IS DEPENDENT UPON ACINITIAL)® ) 

24 L118 FORMATCLHOs* FROM THE FOLLOWING TABLE SELECT THE’) ; 
25 119 FORMATCIH » "EXPRESSION YOU WOULD EXPECT T@- BE"). . 
26 J2Q  FORMASCLH "INDEPENDENT @F ACINITIAL)«') 

27 let FORMAT LNOs ° «1) CA*xB) (2) cBene)*) 

28 A22 > FORMATCAH s! (3) (C*¥B/A. (4) (C+ 

29 123 © FORMATCIH »° «5) (C/A) (6) C+ en : 
30 124 FORMATCLH »° (7) OTHER") - - 

32 les FORMATC(IH »*ENTER YOUR SELECTION. ° ) 

393 126% FORMATC(LH »'THIS INCREASES M@RE THAN ACEQ) As A‘) " 
34 . 127 FORMAT(IH »*FUNCTION OF ACINITIAL)*9 

35 128 FORMATCLH »'THIS IS CORRECT. PROCBED T@® 2ND PART.’ 

36 ' 129 FORMATCJH -»'THIS IS A COMMON MISTAKE BECAUSE OF’) . 
37 130 FORMATCIH »'TRY, AGAIN’) 

38 “131 ‘FORMATCIH »*ST@ICHIGMETRY.NOTE THE INCREASE. ! 

39 132. F@RMATCIH ,'THIS FUNCTION DECREASES’) 

40.2 - 201 FORMATCAH »'Y@U HAVE SHOWN THAT FOR. THE REACTION: * ) - 

40.3 * 202 FORMAT CLHO.* A =» B+C') ‘e 
40.4 203 F@RMATC(IHO.' BCEQ)CCEQ)/ACEQ) * CONSTANT ' ) 
A406 204 FORMATCLHO. "REGARDLESS @F THE INITIAL CONCENTRATION’) 

a0.7 205 FORMATCAH »'@F REACTANT A’) . 
40.8 - 206 FORMAT (1HO, * N@W CONSIDER ANOTHER TYPE oF GASEOUS RXe') - 
4009. (207 FORMATCIHOs' A ®. @B') 

"40091 208 | FORMATCANO, ‘WHERE BOTH THE INITIAL CONCENTRATION @F A‘) - 
40.92 209 FORMATCIH:,*AND THE VOLUME OF THE SYSTEM ARE VARIED, ') = 
40.93 210 FORMATCIH »'THE. FOLL@WING EXPERIMENTAL RESULTS WERE" 5 

40094 2i1 FORMATCLH »*SBSERVED.') mo 
40.95 212 FORMAT(1HO,') 1 2 . 3 4a  § 6") 4 
40.99,. -213 FO@RMATCILH + ' VOLUME ACINIT) ACEQ) BCEQ) ACEQ) BCEQ)9. 
40.991 214 FORMATCIN »' LITERS ¢ MOLES ) (MOLES/LITER)S 
40-992 215 FORMATCILHO,' WHERE COLUMNS 2,3,SAND 4 ARE EXPRESSED IN’) (2. 
40.993 816. 


FORMAT (1H 2 MOLES. = conn 5S AND 6 IN MOLES/LITER. ©) 


ae : 
- ¢ . 4 
. ; . # ie ~ ae ‘ 
Ses NM ND tag ah EY ed ee Re eo, 


7 


40.994 217 ‘FORMATCIH »'DETERMINE WHICH @F THE F@LL@WING EXPRESSIONS 
40.995 218 FORMATCLH 4"IS A CONSTANT, INDEPENDENT @F ACINT) AND VOB 


£06996 220 F@RMATCLH .° a) 4/3 2) (Aue 29/3"). 
40.997 221 FORMATCILH »° (3) 6"«275 (4) 6/5") 
40.998 222 FORMATCIH .° (5) OTHER*) 

AN.999 ~ - WRITE(6, 00) . : 

alos: .  ° WRITEC6,184): 

4e WRITE(65102) 

43 by WRITE (6,103) 

44 WRITE(6,104) 

4S WRITE(635105) - 

46 c , WRITE(6,106) ft 4 . 
_ AT. . WRITE(6,107)..0.0 42... Boewe  mtew | ae  h at ee  % fee 
ag WRITE( 65108) : | 

49 a D@ tt I@t,5 | 

50 4 WRITE(6,134)X (Ls ACI) BCI)» BCI) 

51 134 FORMATCIH »F6.154X%,F10.3,2F8-9) ° 

52 _ WRITE(6,109) 

53 WRITE(6, 110) 

54 WRITEC6,) 11) 

85 WRITE(65 112) 

56 WRITEC6s113) 

57 WRITE(6s114) | t, 

58 . WRITE(6s115) ' 

59 CALL PLOT.CX,B, 5) : : a , " . 

60 ; WRITE(6, 116) 
61 WRITE (69417) ; 

62 WRITE (6,118) : 

63 WRITE (65,119) ’ _ . 

64 - WRITE(6, 120) : 

65 | WRITE(6,121) . 

66 WRITE(6, 122) ‘ 

67 | " WRITE(65123) sO 

68 WRITE(6,128) \ 

69 a WRITE (65125) 

70 ... @ READC5.135) INDEX. . 

71 ~ $35 FORMATCII) 92 cel. : mn 2 

72. : IFCINDEX-4)10,11,12 

73 0 TEC INDEX-2)75759 .. 

74 at IF CINDEX-6) 134 14,15 

75 7 DO 17 81,5 

76 ae ZCI) ™XCIT) ; 

77 17 = =YCT)=BCID*BCT) 

78 ~ CALL S@ORT(Zs Ys 5) 

719 CALL PLOT(ZsY,5) 

8&0 WRITE(6,126) 

B1 .WRITEC6,127) . = 

ge |: WRITE(6,130) 

83 cS WRITE(6,125 
Ba Ge me. ° a 

65 9 D® 19 11,5 . 

. B86 ae ZCI) =XCT) 7 
87 19. YCI 2050 " 
68.2 . - CALL S@RT(Z,Ys,5) ' ‘ 


8. i ‘ . 
. ERIC : . ; ‘ 


89-1 
9 
91 
92 
93 
94 
95... 
9661 
97 
98 
99 


--100- 


101 


102 


103 
104 
105 
106 


“LOT 


Los 


- 109% | 
110°. 


LUN. t 
Lut 
112 
113 
114 . 
115 
116 
ALT 


ALs 


Lo 
120 - 


-1el 


lee .. 


1221 


123 | 
12301 
123.2 
123.3 


123-$ 
123-6 
123-7 
123-8 
12369:. 


123.91 


123-92 
A23293 


21 


ee 
ae: 


13 


23 


24 


123-94 


183-95 
183.96 


vw. 


CALL PLOT(Zs,Y55) 
WRITE( A, 128) 

G@ TA 199 

De 21 21,5 
ZCVeXCI) 
YCI)=2eBcr) 


‘CALL SORT(ZsYs58) 


CALL PLOT(ZsY,5) 
WRITE (65129) 
WRITE(65131). 
WRITTEN G1 ORE 5 


~ WRITE (69125) 


G8 Te 2 | 
D8 23 e155 
Z2CT exc) 


YCID=BCIOZACT) 


CALL SORT(ZsYs5) 
CALL PLOT (Zs Ys5) 
WRITE(65132): 
WRITE(6,1930) 
WRITE(64125) 

GO TO 2... , 

D@ 24 181,45 i 
ZCI) XE) 
YCT)#ACT) +2*BC 1) 
CALL SORT(Zs Ys) 
CALL PLOT (Zs ¥s5) 
WRITE (65129): 
WRITE(65131). 
WRITE(6,1390¥ 


* WRITE (62125) 


an 


G@ Te 2 
WRITE (64,136) 


FORMATC(IH »*DISCUSS THIS WITH Y®UR INSTRUCT@R+ "> 


G® TO 280 - 
CONT INUE 


.WRITE(6,201) 


WRITE(6, 202) 
WRITE (65203) 
WRITE(6.2 
WRITE(6.205) 
WRITE(6, 206) 
WRITE (62207) 
WRITE (65208) 
WRITE(6,209) 
WRITE(6, 210) 
WRITE(6,211) * 
WRITE (65212) 
WRITE(65213) 
VRITE(6,214) 
DA..300, I=1y6 


ZIPRACIO“R3ICI) - 


é 


LOI 97 
123.98 


“123.99. 


123.991 
123.992 
123-993 
123.994 
123-995 
123.996 
1232997 
123.998 


300 ~ 


225 


123.999 


124.1 


424.2... 
1244 


124.5 . 
124.6 
124.8... 
124.81 
124.9 
124-91 
124.92.., 
124.921 
124.922 
124.923 
124.924 
124-93 
124.94 
124.95 
124.96 
124.97 
124.98 
124.981 
124.982 
124.983 
124-984 
124-985 
124. 986 
124.99_. 
124-991 
124.992 
124.993 
124-994 
124.995 


124-997 


(124.998 | 
1243999 


125 £6 
12861. 
L2QSet1 | 
128.12 
125.13 
125.14 


128.e 


251 


. 262 


260 « 


270 


226 


274 


231. 


265 


a » rd 
. . 
ome . : ok 7 & . ie a 
eee ok : , see et he 
' Lat 0 i oe * - . Vey. pags 
am 4 E s e * y oem 773 
pgs a Panes ae <. 
pete : - . wo : so lew, . Be. sitysicels Sirti em 
rs persist Ne boca : : Port erie Bo weg Nagy: “Esnatagiera gi 


259... 


> WRITE (65125). 


\ WRITE(6,136) 


29 


Z2e2eRICIT) 

ZI®ZI/RICI) 

Z4"Z2/RIC1)  & 

WRITE( 6,225 RIC)» RECT)» Zlo Z20Z30Z4 
FORMAT C 1H. » F40026X%s F6 025 2X5 AF6. 3) . & 
WRITEC6,215) 

WRITE 6,216) 

WRITE(65217) 

WRITEC6,218) | 

WRITE(6,22Q) 

WRITE(6,221) 


WRITE(6, 222) 


WRITE(6,125) 4 
-READ(5, 251.) INDEX. ase wh. i ln 
FORMATCI1) 

IF CINDEX-2) 260, 2614 262 

IF ( INDEX~4) 263, 264, 265, an 

DO 270 18156 

YE) #2043 CTIA CRECTD- “R3CT)) 

ZCLIBRECI). ; . 
CALL SORTCZsYs6) > Se . 
CALL PLOT(Zs,Y,6) =" 

WRITE(6,226) - ‘a 

FORMATCIH ‘FIRST TWO RBWS SHOWS THIS IS FALSE") 
WRITE(65 130) ; r 
WRITE(6,125) “ : 

G@ TO. 250. . _ ; 

DO 271 181,46 mas . 
YCIDB(2. #RO(T) 94427 (RECT =ROLTD) a 


ZCI BRACE). ‘ | a 


CALL SORTCZsYs6) 
CALL PLOT(Z,Y,6) 
WRITE(6,227) 


WRITE(6,228) 7 


_FORMATCIH » "COMPARE ANY TW@ ROWS WITH APPROX. ') a \ 


FORMATGIA »*THE SAME CONC.sEeG. 

WRITE(64,130) 

WRITE(6,125) : 

G@T@ 250. ° ; | a “e. 

OO 273 81,6 

VOL)" (2e8R3CLI/RE CT) #RB/ CCRECE ORS CL IZRECT SD, 
ZC(I)2R2C1) 


ROWS 3 -& AND oH, 


CALL SORT(Zs¥s6) a a ae 
» CALL PLOT CZs Ys 6) - Be, 

G@ TO-279. - 

DO 274 I=1456. ’ _— 
YCI)=(2. #RICL/RI CED ACCRECE=R3CL) 9/RI CTD) , 7 


ZCIBRECI)D. | 
CALL SORT(ZsYe26) ‘ 
CALL PLOT (Z5Ys6) 


WRITE(65231) | om Hes A 


FORMAT (1H o'NGe 


COMPARE. ROWS 3. AND 4°) 
WRITE(65130) - a 


GO-T8 250, 


; 30 
125.3. 279 WRITE(6,229) _ = 
125-31 229 FORMATCIH »*THIS IS CORRECT. CONGRATULATIONS.~? ) — 
le5.32 280 STOP . . ; ; 
125.4 END . - — 
125.5 SUBR@UT IN S@RT(X,Y,NPTS). oe 
© §=126 DIMENSION XCLeYCL) 7 
127 NM=NPTS=1 fos : 
128 D@.5 J=t,NM : : ‘ 
129 - 6 KO J+, : : a 
130 -_ D® 5 K=KO,NPTS ; -* . G ° er 
- AS! IFCY CJ) «GEeYCK) GO TO 5. , ; 
132 YS=YCJ)- . 
ie , 133 XS¥XCJ) - : ; . - : a ; > : 
aes OCT tae - ak o —~Y¥CIIFYCK) eg eee Pina arek cee Se ie de Sep Gia, BE ie Sieh oe “cas WE se heeds ok Beplenetrasiahaae aecesese oe siiahsieein de Bed ED Get ee EEN hn ; 
135 KOI) BXCK) | 
"136 YCK)#YS — 
137 XCKI2xX5 : 
138 5 CONTINUE | 2s - t 
39 _. RETURN- ' 2 -  & <i 
| an "END bg ey .  e * Le 
‘ ee Cy ' SUBROUTINE PLOTCXsYsNPTS) ; a nS, _* 
jae . . DIMENSION X¢1)sYC1E),B@XC25) 7 
$43: = DATA BLANK, SLASH, STAR, CI RCLEY tH 2UHT, 1H, 1HO/ . 
144 YSCAL=(YCLI-<YONPTS) /10¢., | h 
145 “TF CYSCAL. LT» +0001 )YSCAL# I. “eg 2 . | 
145.01 YMAX=YC 1) - « ese ry ; 
145. te XMAX®X CL) 2 ; , _o 
146 . XMIN®=X( 1) ; 
147 D@ 2 Je},NPTS ° 
148 ; IFCX Cd) eGTe XMAX )XMAX#X (J) ae . 
1449, FOX Ga) eo LT XMIN )XMINEX CJ) 
180 *- : XSCAL™(XMAX=XMIN)/20. _ a 
151 - Let, . ‘ 
‘182 . D® 10 Jets 10 - we 
153 : DO 6 K=2,22 . ; a - - ae g © « © 
_ 184 | .& ° BOXCK)=BLANK ~~. | | ( an 
155 . B@X(1)sSLASH . °- ox % ot 
156 «Shag - e. |  % ao * 4 
ghOT | TEST#YMAX-SL¥YSCAL * - _ es 
159. > 17 IFCL»GTNPTS)GG TO 10 ; | 
160 / IFCYCL) eLTeTEST)G® TO 10 Co, ; 
161 N=(XCL)<-XMIN)/XSCAL+.1  ® 
162 s BOX (N+2) "CIRCLE aa 2 4 
eC ): ns eo — - 4 : | | 
i Apa , GOTT. | 2 23 oe 
“ 165 LO. WREITE(Qs152)(BOX(1). 181522) . . — | -% 
~ 166 © 15 FORMATCIH o1X,22Al) | | 3 ee 
167 -l.. DO 11 J81,20 ; - = 7 
168 11 BOX (J) =STAR 7 | ; 
169i, WRITE (6a.16).(BOX(1),T#1520) ’ % ae . 24 
170. | «16 ‘FORMATCIH »2@X,20Al1) : . oe 
A71 .. - WRITE(6517) eine uk ~ 
Wel 49 FORMATCIH »’ ACINITIAL)") | . 
AT162 °°. | RETURN _ 3 
172 ' END io . ; 


